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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a device for driving a work and to allow this 
work to travel in such a manner as to obviate the occurrence of the deformation in a 
test at the time of subjecting a work to hardening with high efficiency and a method 
for controlling the driving of this device. 

SOLUTION: This device for subjecting the work 3, such as small-diameter metallic 
columnar material, to a heat treatment by passing the work through a heat treatment 
zone by allowing the work to travel in a longitudinal direction is arranged with plural 
sets of skew roller sets each having two pieces of receiving skew rollers for 
supporting the work 3 and a pressing skew rollers for pressing the work placed on 
these receiving skew rollers in a direction where the work 3 is made to travel. A heat 
treatment means is arranged between the skew roller sets, by which a heat treatment 
zone is formed. Driving systems are connected to the pressing skew rollers positioned 
on the inlet side and outlet side of the heat treatment zone to constitute inlet side 
driving rollers 4 and outlet side driving rollers 5. In addition, the driving operations of 
the work 3 by the inlet side driving rollers 4 and outlet side driving rollers 5 are 
separately set and controlled. 
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[Claim(s)] 

[Claim 1] It is equipment for running a longitudinal direction minor diameter metal cylinder material, and heat— treating by passing a 
heat treatment zone. While stationing two or more sets skew low Racette who has a presser— foot skew roller for pressing down said 
cylinder material put on two receptacle skew rollers for supporting said cylinder material, and this receptacle skew roller in the 
direction which makes it run said cylinder material Among above-mentioned skew low Racette, arrange a heat treatment means and a 
heat treatment zone is formed. Connect a drive system to the presser-foot skew roller located in the close [ of this heat treatment 
zone ], and appearance side, and it considers as a close side driving roller and an appearance side driving roller. And the thermal 
treatment equipment of the minor diameter metal cylinder material characterized by setting up independently actuation actuation of 
said cylinder material by the above-mentioned close side driving roller and the appearance side driving roller, and controlling it 
[Claim 2] The thermal treatment equipment of the minor diameter metal cylinder material according to claim 1 which is a hardening 
means to have the induction coil connected to the feed system for the rapid heating of minor diameter metal cylinder material and 
temperature maintenance of the heat treatment means in said heat treatment zone, and the water— injection device for quenching 
allotted after this induction coil. 

[Claim 3] It faces [ heat-treating to said cylinder material, and ] using equipment according to claim 1 or 2. When said cylinder material 
has started both driving rollers, join the cylinder material concerned. The heat treatment approach of the minor diameter metal 
cylinder material characterized by making it run a work piece, releasing the longitudinal direction compressive strain resulting from the 
thermal expansion of the cylinder material by making actuation of said cylinder material by said appearance side driving roller quicker 
than actuation by said close side driving roller. 

[Claim 4] When it faces [ heat-treating to said cylinder material, and ] and said cylinder material has started the both sides of said 
close side driving roller and an appearance side driving roller using equipment according to claim 1 or 2 The heat treatment approach 
of the minor diameter metal cylinder material characterized by regulating one driving torque of both the driving rollers, and making it 
run said cylinder material so that the longitudinal direction compressive force exceeding the upper limit in which the cylinder material 
concerned is not buckled to the cylinder material under heat treatment may not be added. 

[Claim 5] It faces [ heat-treating to said cylinder material, and ] using equipment according to claim 1 or 2. Actuation of said cylinder 
material by the close side driving roller is opened at the same time it makes transit of the cylinder material start by actuation by said 
close side driving roller and the head of the cylinder material concerned comes to said appearance side driving roller. It is the heat 
treatment approach of the minor diameter metal cylinder material characterized by making it run the cylinder material with the 
actuation procedure of making it running the cylinder material by actuation of only an appearance side driving roller as the 
compressive force of a longitudinal direction does not join said cylinder material henceforth. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the actuation control approach of the equipment for heat-treating a solid or minor 
diameter metal cylinder material (henceforth a "work piece") in the air in high efficiency, without producing a buckling and a knee, and 
this equipment. The round steel for precision instrument shafts with which it is the minor diameter of mm order, and **** incidentally 
has the die length of m order as an example of a type of the above-mentioned work piece can be mentioned. 
[0002] 

[Description of the Prior Art] Conventionally, heat treatment of hardening etc. has been performed with the batch method about the 
work piece of the above minor diameter long pictures as well as the work piece of general magnitude. The work piece of the above 
minor diameter long pictures tends to produce a knee in the cooling process which is buckled by few force if heated by the elevated 
temperature which amounts to 700-1200 degrees C, and follows heating. In order to avoid such nonconformities, as a result of being 
obliged to the low activity of efficiency, the situation which the cost cut corresponding to a mass production member cannot plan 
easily was suited. 

[0003] The artificers of this invention paid their attention to migration mode of processing which heat-treats said work piece 
continuously by passing the inside of the heat treatment zone which the longitudinal direction was run the work piece for the purpose 
of performing the above-mentioned heat treatment by low cost, and used the induction-heating method etc. It **(ed) and drawing 1 
which makes a skew roller the transit means of a work piece, and equipment which is illustrated to drawing 2 were manufactured, and 
when the hardening was performed by move mode by using round steel of a minor diameter long picture as a work piece, the 
nonconformity the work piece heated by the elevated temperature is buckled arose frequently. As opposed to the work piece under 
heating located from a driving roller (it is a skew type as well as a free roller) to both the driving rollers of both sides with which this 
has exerted driving force on the work piece It is because the compressive force of the longitudinal direction resulting from the factor 
of thermal expansion and others versatility of a work piece was added, and moreover, by the above-mentioned trial, since the section 
when the diameter of a work piece is as thin as 10mm, and a work piece is heated was long, deformation resistance is considered to 
have tended to buckle the work piece which is failing to the degree of pole. 

[0004] Next when drawing 1 and the presser— foot roller of four middle free rollers of the equipment of drawing 2 were opened and the 
same hardening trial as the above was performed, the inclination which a deflection produces to the work piece under transit, and the 
knee expected to originate in this produces for a hardening product was added. 
[0005] 

[Problem(s) to be Solved by the Invention] When removing the problem of deformation, such as a buckling and a knee, through the 
above-mentioned trial, it was checked that expected hardening can be carried out in high efficiency with the equipment of drawing 1 
and drawing 2 . Therefore, in carrying out hardening to the above work pieces in high efficiency, the technical problem which this 
invention tends to solve is to offer the equipment which can make it drive and run a work piece so that deformation [ as / in the 
above-mentioned trial ] may not be produced, and the actuation controlling method of this equipment 
[0006] 

[Means for Solving the Problem] The artificers of this invention advance research wholeheartedly for the purpose of solving the 
above-mentioned technical problem, and complete this invention. Namely, the configuration of this invention equipment runs a 
longitudinal direction a work piece like minor diameter metal cylinder material. It is equipment for heat-treating by passing a heat 
treatment zone. While stationing two or more sets skew low Racette who has a pressei — foot skew roller for pressing down said work 
piece put on two receptacle skew rollers for supporting said work piece, and this receptacle skew roller in the direction which makes it 
run a work piece Among above-mentioned skew low Racette, arrange a heat treatment means and a heat treatment zone is formed. A 
drive system is connected to the presser-foot skew roller located in the close [ of this heat treatment zone ], and appearance side, 
and it considers as a close side driving roller and an appearance side driving roller, and is characterized by setting up independently 
actuation actuation of said work piece by the above-mentioned close side driving roller and the appearance side driving roller, and 
controlling it 

[0007] In this invention, it was made to perform transit of a work piece for equalizing the heat treatment effectiveness over a work 
piece also to a hoop direction, and preventing the knee by the deflection of the thermal strain of a hoop direction, rotating the work 
piece concerned. In this invention, it considered as a means to carry out revolution transit of the work piece, and the skew mechanical 
control by roller was adopted. Skew rollers are two or more thin rollers which gave and allotted the include angle (angle of skew) to 
the hoop direction of the work piece it should be made to run, and can make it run the work piece concerned here in the form where 
the peripheral face of a work piece progresses spirally with this roller. 

[0008] Moreover, having adopted the skew mechanical control by roller has a simple facility configuration, and connection with a 
facility element besides a heat treatment means is easy, and it is because it is suitable for sending in a work piece one after another 
and performing efficient operation. 

[0009] Although a skew roller usually puts 1 set of two or more sets two-piece receptacle rollers in a row and is used in many cases, 
since it is necessary to make it run so that a deflection may not produce the work piece of a minor diameter long picture in this 
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invention, it is considered as the configuration which presses down further the work piece put on the above-mentioned receptacle 
roller with a presser- foot roller, and prevents a deflection. 

[0010] In this invention, two or more sets skew low Racette who consists of an above-mentioned receptacle roller and an above- 
mentioned pressei — foot roller was put in a row in the direction which makes it run a work piece, and has been stationed in it, and the 
heat treatment means required among each low Racette has been arranged. That is, as shown in drawing 1 and drawing 2 , an example 
of this invention equipment is constituted as a thermal treatment equipment for hardening high-class steel, while continuing and 
arranging the induction coil for induction heating at the long section for heating and temperature maintenance, a water-injection 
device is arranged as a cooling means after that for work-piece quenching, and the heat treatment zone is formed. Although the 
heating means in this invention is not limited to the describing [ above ] induction-heating method and can adopt gas burner heating 
etc. here, adoption of the high efficiency and induction— heating method which can be performed by being highly precise is desirable in 
the rapid heating to predetermined temperature, and required temperature maintenance. 

[001 1] A drive system is connected to the presser—foot roller of one set of each of skew low Racette located before and behind a 
heat treatment zone among above-mentioned skew low Racette stationed two or more sets, it considers as a close side driving roller 
and an appearance side driving roller, and the send from sending and this zone of the work piece to a heat treatment zone is made to 
perform. It must arrange by the span briefer than the overall length of the work piece it is made to run though arrangement spacing of 
both driving rollers is natural here, and it is required among both the above-mentioned driving rollers to station two or more skew low 
Racette who becomes spacing which neither bending nor a deflection produces to a work piece, and it is desirable to consider as 
arrangement spacing which can cover widely various diameters of a work piece and heat treatment patterns. The knee of the product 
by bending or the deflection is avoided by the measure of a up Norikazu ream. The same is said of skew low Racette (not shown) 
stationed on both the outsides of both driving rollers. In addition, in addition to what was prepared before and behind the heat 
treatment zone, a driving roller may be further extended suitably to the both outsides or inside. 

[001 2] Actuation actuation of a driving roller is independently set to a close [ of a work piece ], and appearance side, and it enabled it 
to control it in this invention, when having applied the work piece to the driving roller by the side of [ both ] ON appearance for 
adjusting the compressive force of the longitudinal direction which joins a work piece according to various factors, and making it not 
buckle the work piece in a heat treatment zone. Here, although the driving roller by the side of appearance and close produces the 
situation which has required the work piece for the driving roller by the side of [ both ] ON appearance also in this form, respectively 
to two work pieces it is not only generated about one work piece, but it stands in a row and runs, longitudinal direction compressive 
force can join a work piece also in this case. In addition, when a driving roller is extended as mentioned above, it is desirable to carry 
out for the ability setting up actuation actuation independently also about the extended driving roller if needed, and controlling. 
[0013] Although the class of drive system linked to a driving roller is not limited, in the degree of freedom of setting out of operation, 
precision, and the ease of carrying out of control, the electromotive motor which operates by an alternating current or direct current 
is suitable. Setting out of actuation, such as a motor, and control should just be based on a conventional method. 
[0014] It faces heat-treating a work piece with the above-mentioned this invention thermal treatment equipment, and actuation 
actuation of said close side and an appearance side driving roller is set up as follows by this invention as a concrete means for making 
it the compressive force of a longitudinal direction not join a work piece. 

[0015] That is, the configuration of the first actuation approach of the driving roller in the above-mentioned thermal treatment 
equipment made as the above-mentioned means is characterized by making it run a work piece, releasing the compressive strain of 
the longitudinal direction which originates mainly in thermal expansion which joins a work piece, when making actuation of the work 
piece by the appearance side driving roller quicker than actuation by the close side driving roller and having applied the work piece to 
both driving rollers. That is, since the greatest factor by which, as for this approach, the compressive force of a longitudinal direction 
joins a work piece is thermal expansion distortion produced with heating of a work piece among both driving rollers, it is the approach 
of making quick actuation according the rate increment according to the increase of die length by this thermal expansion to an 
appearance side driving roller at least, releasing the above-mentioned compressive strain, making it compressive force not join a work 
piece, and preventing generating of a buckling. 

[0016] Calculated value's calculated from reference data does not correspond noting that the increase of die length by the above- 
mentioned thermal expansion usually has an isotropic thermal expansion, but since it is size in many cases, it is better than this to 
perform experimentally rate increment setting out of an appearance side driving roller. Furthermore, it is also good to count upon 
fluctuation of said compressive force by the factor of fluctuation and others of thermal expansion distortion, and to consider as a 
larger value (about 1.5 to 3 times) than the value which asked for the above-mentioned rate increment setting out experimentally. In 
this case, although a work piece will be joined by tensile force on the average, there is little trouble compared with the case where 
compressive force is added. However, since such excessive rate increment setting out that it leads to expanding deformation of a 
work piece or a slip of a driving roller and a work piece is not desirable, if it is not in the situation of requiring setting out excessive in 
this way, the problem of said buckling will be solved by the actuation approach of the above first 

[0017] The configuration of the second actuation approach of the driving roller in the above-mentioned this invention equipment 
Especially the path of a work piece is smallness, and if transit lengthens, it is tended to change said compressive force. And it is what 
serves as an effective means also to a situation which is easy to produce a buckling. When having applied the work piece to the 
driving roller by the side of [ both ] ON appearance, one driving torque of the driving rollers by the side of close and appearance is 
regulated. It is the approach characterized by making it run a work piece as the upper limit compressive force in which the work piece 
which has the compressive force of the longitudinal direction which joins a work piece in a heat treatment zone is not buckled is not 
exceeded. 

[0018] Regulation of the above-mentioned driving torque may be performed by carrying out torque regulation actuation of the motor, 
or may be performed by setting it as the numeric value of a request of a torque limiter. When based on a torque limiter, any of a motor 
current regulation method or a clutch, and a slip method are sufficient The driving roller of the direction which was not considered as 
torque regulation actuation is good to consider as the usual rate regulation actuation. Thereby, a work piece runs at an almost fixed 
rate, and the homogeneity of the heat treatment effectiveness of a work-piece longitudinal direction is secured. 
[0019] Here, drawing 5 explains the situation of driving a work piece for actuation actuation with classification beam both driving 
rollers. Drawing 5 makes a close side driving roller torque regulation motorised, by making an appearance side driving roller rate 
regulation motorised, it is the rate-torque diagram having shown typically the situation of driving the work piece with which an 
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actuation load is changed, and fluctuation of the above-mentioned actuation load is absorbed in the form where the actuation rate of 
a torque regulation side roller and the driving torque of a rate regulation side roller are changed. That is, since a work piece drives 
with almost fixed torque including small fluctuation, it is lost that excessive compressive force joins a work piece, and the problem of 
said buckling is avoided. It is shown that that the actuation approach of the above second naturally acts effectively also to the 
compressive force which joins a work piece by said thermal expansion reason, and a difference is in the rate of the load points A and 
B of the close side driving roller in drawing 5 and an appearance side driving roller has brought a result to which the direction of an 
appearance side driving roller drives a work piece at a larger rate a little than a close side driving roller. 

[0020] Moreover, about torque, a difference exists from origin between rollers a roller and appearance side (length side) a close side 
(push side). Even if it regulates driving torque by the torque limiter, it is lost similarly that excessive compressive force joins a work 
piece. 

[0021] In the actuation approach of the above second, although it is arbitrary, the form of whether which driving roller is considered as 
torque regulation a close and appearance side which considers the close side driving roller with which the change in torque leads to 
the change in compressive force in forward relation as torque regulation is easy to adopt as a facility technical target and is more 
desirable. 

[0022] in addition, about the time of a work piece being in the condition that torque is driving only with the regulation side roller 
Although it is more desirable to once consider a torque regulation side roller as rate regulation actuation so that a work piece may 
pass through a heat treatment zone with constant speed also in the meantime, also as a form which it continues driving with torque 
regulation actuation Setting out of torque is made proper and it is solved by maintaining the almost proper speed difference and 
driving a work piece between rate regulation side rollers. 

[0023] The configuration of the third actuation approach of the above-mentioned driving roller is characterized by making it the 
compressive force from which it makes it run [ driving rollers / both ] actuation simultaneously as a work piece does not receive 
actuation, and it causes a buckling not join a work piece. That is, although a work piece begins to run by **** by the close side driving 
roller first, actuation by the close side driving roller is opened at the same time the head of a work piece comes to an appearance side 
driving roller, and it is the approach it is made for the compressive force over a work piece not to produce henceforth by considering 
as the form where only an appearance side driving roller is made to take charge of actuation. A clutch (not shown) is arranged 
between the method which lifts a close side roller and severs contact to a work piece as a means to open actuation with a close side 
roller here or a close side roller, and a drive system, and the method which uses this clutch as a free roller as an OFF condition can 
be illustrated. Although setting out of the timing which opens actuation of a close side roller etc. takes some consideration to the 
actuation approach of the above third, it is the configuration that compressive force is not added to the work piece under transit, and 
can avoid the problem of a buckling theoretically. 

[0024] As mentioned above, although the case where three kinds of actuation modes were taken was stated to the driving roller in 
order to make it compressive force not join a work piece, whether which actuation mode is adopted among these should just set 
suitably according to the specification or heat treatment conditions of a work piece. 
[0025] 

[Embodiment of the Invention] Next, drawing 1 and drawing 2 explain an example of this invention thermal treatment equipment. 1 by 
two pieces which drawing 1 and drawing 2 are the front views and side elevations of this invention thermal treatment equipment and 
were prepared on Frame F 1 set of receptacle rollers, Although the pressei — foot roller formed corresponding to each receptacle roller 
1, and 4 and 5 are similarly presser-foot rollers in order to make it the deflection under transit to the work piece 3 put on each 
receptacle roller 1 not produce 2 Here, by using a thing broader than said presser-foot roller 2, and connecting with motors 6 and 7, 
respectively, a roller 4 is used as a close side driving roller, and the roller 5 is used as the appearance side driving roller. Moreover, 
both the above-mentioned motors 6 and 7 are constituted so that it may connect with a servo controller (a graphic display is omitted) 
and each actuation actuation may be controlled independently. 

[0026] Especially the dimension of each above-mentioned roller is not specified, and the path around 20~30mm is suitable for each 
receptacle roller 1 supporting the work piece 3 of the diameter of various kinds (several mm thru/or 20-30mm), and carrying out a 
stable revolution. On the other hand, each pressei — foot roller 2 is good also as a configuration pressed down with 1 set of two-piece 
minor diameter rollers instead of pressing down with the pressei — foot roller 2 of one major diameter in this way, although the thing 
(what was illustrated) of a big diameter 100mm or more is suitable in pressing down a work piece 3 with one presser-foot roller 2 from 
a top. 

[0027] Although installation spacing in the transit direction of skew low Racette's work piece 3 constituted as mentioned above should 
be experimentally rationalized so that neither bending nor a deflection may arise to the work piece 3 under heat treatment For 
example, when making it run, covering die length of 300mm and heating the work piece of the minor diameter of 5mm at 1 200 degrees 
C and hardening, the problem of the above-mentioned bending or a deflection is avoided by making it set spacing of about 100mm. 
[0028] these rollers 1 , 2, 4, and 5 — each — an include angle (angle of skew) fixed to the hoop direction of a work piece 3 — with, it 
arranges so that it may touch. Since the value which multiplied the tangent of the above-mentioned angle of skew by the 
circumference of a work piece 3 will be equivalent to the pitch of the skew transit to which the peripheral face of a work piece 3 
advances spirally In order not to generate the phenomenon (the so-called bar bar Zuma-KU) in which the trace of heat treatment is 
spirally inscribed on a product Since the pitch with good and desirable taking the above-mentioned pitch to smallness enough is 
before and after 1/[ 1/10 of the diameter of a work piece - ] 30, a desirable angle of skew will be called 0.5 degrees - 2 degree order. 
[0029] In drawing 1 and drawing 2 , 8 is the induction coil arranged as a heating means, and it connects with the RF generator (a 
graphic display is omitted) through the high frequency transformer 9, and it can carry out induction heating of the work piece 3 by 
feed from this power source. Although 10kHz - about 100kHz is suitable for a feed frequency in respect of effectiveness, it is not 
limited to this. After carrying out rapid heating of the equipment of drawing 1 and drawing 2 till around 1 200 degrees C therefore for 
the purpose of hardening of high-class steel, it allots the cooling means by the induction coil 8^over the long section, and the water 
injection system 10 for quenching following it, and constitutes the heat treatment zone 11 from it being necessary to hold about 10 
seconds to this temperature. Here, if t2 and the longitudinal direction travel speed of a work piece 3 are set [ a temperature~up 
duration ] to v for t1 and a temperature maintenance duration, die-length L of the arrangement section of an induction coil 8 will 
become L=v (t1+t2). That is, if the die length of Above L is taken 300mm in the case of t1+t2**10s, it will be v=L/(t1+t2) =30 mm/s, 
and rf a work piece 3 is sent in that there is no intermission in the above-mentioned equipment, high efficiency production called 100 
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m/hr can be performed Incidentally, rf a work piece 3 is sent in without an intermission, turbulence of the heating conditions in a 
work-piece edge etc. is lost, and since uniform hardening is performed just before the edge of a work piece, a yield will also improve. 
[0030] In addition, when arranging the presser-foot rollers 1 , 2, 4, and 5 and an induction coil 8 like the equipment of drawing 1 and 
drawing 2 . without keeping one's distance, it is desirable to use the roller made from the ceramics etc. so that induction heating of 
each rollers 1. 2. 4, and 5 may not be carried out. Moreover, rt is desirable to carry out thermal spraying of the heat resisting material 
to rollers 1, 2, 4. and 5, and to prevent the wear and the foreign matter deposition by rolling contact to the heated work piece 3. 
[0031] Here, it faces heat-treating a work piece 3 with above-mentioned this invention equipment, and setting out of the ****** 
driving roller 4 and actuation actuation of five is performed as follows said close side for not making a work piece 3 produce a 
buckling. 

[0032] First, said first actuation approach sets the actuation rates v1 and v2 of the longitudinal direction to the appearance side 
driving roller 4 and the work piece 3 of 5 each to v2=v1+deltav. and makes it run a work piece 3 a close side. The above-mentioned 
dehtav here for example, the increase of die length resulting from the thermal expansion of the work piece in the heat treatment zone 
1 1 With, set up and a work piece 3 is heat-treated, the case where it is calculated with 1.5% noting that this thermal expansion is 
isotropic — deltav=0.05v1 — like — an about 3 times [ of the above-mentioned thermal expansion ratio ] ratio — If it seems that a 
buckling still arises to a work piece 3 as a result, when a slip with a work piece 3 will be observed by increase and reverse in one of 
the driving rollers 4 and 5 in the above-mentioned ratio, it can set up by trial experiment of reducing the above-mentioned ratio. 
[0033] Next, the case where carry out torque regulation suitably, drive the close side driving roller 4, and the direction of the 
appearance side driving roller 5 drives said second actuation approach in the usual rate regulation mode is explained. The main point 
of the second actuation approach is running ** which compressive force which produces a buckling to the work piece 3 under heat 
treatment does not join a work piece 3. The level of the upper limit compressive force in which a work piece 3 is not buckled is 
Number MPa from well-known deformation resistance data and a well-known check experimental result when whenever [ stoving 
temperature ] is 1200 degrees C. Therefore, when an angle of skew is [ the diameter of a work piece ] 8mm at 1.0 degrees, upper limit 
driving torque is set to about 10 - 2Nm. 

[0034] that is, when having applied the work piece 3 to the both sides of the close side driving roller 4 and the appearance side driving 
roller 5 at least a motor 6 is operated with constant torque so that the driving torque of the close side driving roller 4 may not exceed 
the above-mentioned upper limit driving torque — making — or the actuation torque limiter of a motor 6 — the above-mentioned 
upper limit driving torque — setting up — being certain — **** — motorised [ of the driving roller 4 ] is carried out through the slip 
type torque limiter set as the above-mentioned upper limit driving torque, and a work piece is heat-treated. It ** and actuation 
actuation is rationalized through the same trial as said first actuation approach. When based on the above-mentioned torque-limiter 
method, it is good to use together with said first actuation approach. 

[0035] Then, the gestalt which performs said third actuation approach by raising (it separates from work piece 3) lowering of the close 
side driving roller 4 is explained. One of the important matters in the case of enforcing this approach is timing which raises the close 
side driving roller 4. That is, if this timing is too early, since actuation of the close side driving roller 4 to a work piece 3 is released 
and a work piece 3 begins to slow down, actuation of the work piece 3 by the appearance side driving roller 5 will start, and the 
smoothness of transit will be spoiled. On the contrary, when the above-mentioned timing is too late, it is because a work piece 3 may 
be buckled according to the compressive force which the time zone which a work piece 3 drives simultaneously from both the driving 
rollers 4 and 5 arises, and joins a work piece 3 from both the driving rollers 4 and 5 in the meantime, and the above-mentioned timing 
is good to adjust experimentally. However, the above-mentioned compressive force can be prevented from being intentionally 
generated by using together the said first or second actuation approach about the latter problem. 
[0036] 

[Example] Round steel was hardened using this invention equipment shown in drawing 1 and drawing 2 . 
(Main specification of equipment) 

- Span between skew low Racette 90mm and span between driving rollers 450mm and induction-heating section die length 300mm 
(work-piece actuation fixed conditions) 

- Angle of skew Longitudinal direction actuation. rate of 1.0 degree and an appearance side roller Actuation mode of 20 mm/s and an 
appearance side roller Engagement with the work piece of rate regularity and an appearance side roller Regular ON (test piece) 

- Construction material JIS SKH 51 and dimension Diameter [ of 8mm ] x die length of 2000mm (heat treatment conditions) 

- Carry out rapid heating to 1210**10 degrees C, and it is after [ temperature maintenance ] sudden water cooling for 10s or more 
(work-piece actuation fluctuation conditions). 

- actuation actuation of the close side driving roller 4 — the conditions of following A-E — setting-out A. longitudinal direction 
actuation rate =19 mm/s — a constant speed drive — this hits the example of said first actuation approach. The rate reduction ratio 
(20-19) from the appearance side roller 5 / 20= 0.05 is equivalent to 1.5 or so times of the thermal expansion ratio (0.03) for which 
was equivalent to 3 or so times of the thermal expansion ratio (0.015) calculated from the above-mentioned heat treatment conditions 
noting that thermal expansion was isotropic, and it asked experimentally. 

B. — it is set to longitudinal direction compressive-force =3MPa which joins a work piece 3 — as — constant torque actuation — 
this hits the example of 1 of the second actuation ******. 

C. Longitudinal direction actuation rate = it is upper limit regulation about mho Tat Luc (motor current) so that the compressive force 
which joins a work piece may not exceed 5MPa(s), after considering as the constant speed drive of 19.5 mm/s. This is using the first 
actuation approach together in the example of 2 of the second actuation ******. 

D. Longitudinal direction actuation rate = after considering as the constant speed drive of 19.5 mm/s, when the head of a work piece 
3 reaches the appearance side driving roller 5, constitute so that a lift rise may be carried out This hits the example of the third 
actuation approach which used the first actuation approach together. 

E. Longitudinal direction actuation rate = it is 20 mm/s and is a constant speed drive. This is an example of a comparison. 
[0037] 

[A table 1] 



http://vmw4jpdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/08/1 1 



U^.Uy-U / I O I y f A lUIZ I AlL-tU Ut-AJKlr' I IUNJ 





3e*? 


js e 


| & u 


3 39 




A 






X fH H r ft >H /Bf iT> £3 fife n — -=5 t£ -fta 




B 






X /tf EZ *fi n ^5 sr\ j_ C" i"7 v» -Ax 




C 










D 








it 
01 


E 









[0038] It was checked by this invention equipment and this invention approach as above-mentioned that hardening of high efficiency 
without the buckling and knee of a work piece is possible. Generally about other heat treatments with whenever [ stoving 
temperature / lower than hardening ], it can work still more easily. 
[0039] 

[Effect of the Invention] This invention is as above-mentioned. By three pieces, or 1 set of four-piece skew low Racette's groups 
Making it rotate a work piece, as neither bending nor a deflection arises to a work piece, run a longitudinal direction, pass a heat 
treatment zone, and moreover, since it carried out as [ set / actuation actuation of the driving roller by the side of close / which 
drives a work piece here /, and appearance / independently ] The equipment to which compressive force inconvenient to a work piece 
heat-treats minor diameter metal cylinder material in high efficiency by ********** and this, without making a product produce a 
knee and a buckling can be offered. Moreover, heating to an elevated temperature and hardening of the high-class steel which 
requires strict temperature maintenance can carry out easily by the above-mentioned heat treatment by making the heating means in 
the above-mentioned heat treatment zone into induction heating. 

[0040] Furthermore, in this invention, the operating instructions on which actuation actuation of the driving roller by the side of close 
[ above-mentioned ] and appearance is made for compressive force which makes a work piece buckle in the above-mentioned this 
invention equipment the actuation speed difference or driving torque, and by controlling about an actuation procedure further not to 
join a work piece can be offered. 

[0041] That is, above-mentioned this invention can fully attain the object of this invention of obtaining the heat treatment product of 
minor diameter metal cylinder material which the configuration was excellent in and was processed by homogeneity by low cost. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The front view of an example of this invention equipment which applied this invention approach. 
[Drawing 2] The right side view of the equipment of drawing 1 . 

[ Drawing 3] Popularity is won with the driving roller in the equipment of drawing 1 , and it is the top view of a roller part 
[Drawing 4] The right side view of the roller of drawing 3 . 

[Drawing 5] Close, the actuation rate-torque diagram in actuation of an appearance side driving roller. 
[Description of Notations] 

1 Receptacle Roller 

2 Presser-Foot Roller 

3 Work Piece 

4 Close Side Driving Roller 

5 Appearance Side Driving Roller 

6 Motor of Close Side Driving Roller 

7 Motor of Appearance Side Driving Roller 

8 Induction Coil 

9 High Frequency Transformer 

1 0 Water Injection System 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 4] 
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